Introduction
Since the launch of Seasat in 1978 it has been clear that synthetic aperture radar (SAR) instruments can image ocean surface wave patterns [Alpers et al., 1981 ; I/esecky and Stewart, 1982] . Unfortunately, it is now well known that the wave-like patterns visible in a SAR i•a.ge of the ocean surface may be considerably different from the actual ocean wave field. As a result, extraction of meaningful two-dimensional wave spectral properties from a SAR scene is not straightforward. The capacity of SAR to provide usable ocean wave spectra is limited by the motion of the ocean surface. Although a polarorbiting SAR is not an ideal instrument to measure the directional spectrum of ocean surface waves, valuable information may be routinely extracted. In particular, with the ERS-1 and ERS-2 missions and the so-called SAR wave mode products [European Space Agency, 1992a], wave modelers can, for the first time, obtain continuous global information [Briining et al., 1994] .
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Wave mode data continuity will be available through ENVISAT. As an attempt to extract meaningful information from ocean SAR scenes, we have focused on the unique ability of the ERS active microwave instrument (AMI) to combine interlaced scatterometer and SAR wave mode measurements. The wave mode is discussed in section 2. Our objectives are met by carrying out a systematic comparison between normalized radar crosssection (NRCS) data and wind vector estimates from the scatterometer, with various statistical and observed spectral parameters of collocated SAR imagettes. A primary measurable of a calibrated SAR is backscattered power. This measurement is diffraction dominated and depends upon short sea surface wind waves. Thus an important capability of a SAR instrument should be its ability to quantitatively relate image intensity to local surface wind speed. Empirically derived wind retrieval algorithms are now routinely used to infer wind estimates from scatterometer and altimeter, but much less attention has been devoted to SAR instruments [Vachon and Dobson, 1996] . In section 3 we present a calibration procedure to use SAR data much like a higher-resolution scatterometer. In the absence of 7833 specific information for SAR imagette radiometric analysis our method is to derive a relative calibration from direct global comparisons between collocated SAR and scatterometer central antenna measurements. The relative calibration follows a strong saturation law. Thus the relationship between scatterometer central antenna NRCS and mean values of imagette intensity must take into account saturation of the analog-to-digital converter (ADC). In particular, this study shows evidence of the change of imagette incidence angle during the ERS-1 mission. The validation of this empirical calibration process is presented in section 4 using a semiempirical wind retrieval scattering model, which has been developed at the Institut Franqais de Recherche pour l'Exploitation de la Mer (IFREMER) and referred as CMOD-IFREMER, [Quil[e•, 1993] .
Improved information has also been obtained through global and systematic analysis of the SAR along-track resolution, i.e., the azimuthal cutoff. According to theory, this latter parameter is proportional to the rootmean-square (rms) line of sight of the wave orbital velocity field. Since the ERS-1 and ERS-2 wave mode operate at near-nadir incidence angles (19.90 and 23.5ø), the radial component is supported by the surface vertical velocity which, by definition, will be dominated by shorter gravity waves than the overall energy integral [Jackson and Peng, 1985] . The portion of the spectrum supporting these waves is usually assumed to be wind dependent, and we propose that the azimuthal response is wind speed dependent. Early results based on global comparisons confirmed this assumption [Chapton et al., 1995] . In section 5, azimuth cutoff is discussed in terms of incidence angle, wind directionality, and sea state development.
From a statistical point of view, direct analysis of high-resolution radar scenes over the ocean exhibits departures from a standard Gaussian-Rayleigh model. SAR imaging of the ocean surfaces also relies on Doppler information from the relative motion between the SAR and the scene to achieve fine resolution in the along-track direction. For example, the SAR images waves by their own orbital velocities. Using the concept of facets, the effect of long waves (longer than the nominal SAR resolution cell) can be treated deterministically [Alpers and Ruffenach, 1979; Swift and Wilson, 1979] whereas short waves (shorter than the SAR resolution cell) may be treated stochastically [Tucker, 1985] . The motions due to short waves induce an azimuth smearing that acts as a low-pass filter (often modeled as Gaussian-shaped) on the azimuthal components of the image spectrum. In particular, it has been stated that this imaging process turns into a superposition of facets [Hasselmann and Hasselmann, 1991] The calibration of ERS-1/2 imagettes would be complete if the calibration constant K is known. Though this constant is well known for P RI images, it is not available for wave mode products, which makes the cal- for ERS-2 imagettes are presented in Figure 7 . The calibration scheme also gives good results for ERS-2 SAP wave mode imagettes, although only a few examples of azimuthal wind were at our disposal. Indeed, winds generally blow from west to east in the roaring forties (e.g., mainly along the range direction).
According to these comparisons, the SAP instrument may prove its ability to work as a high-resolution scatter.meter. Given a first-guess wind field direction (such as provided by a meteorological model or synoptic chart), the wind speed can be obtained from SAP images using the CMOD retrieval algorithm. Inversely, from an independent wind speed measurement a properly calibrated SAP signal might be able to provide the wind direction [e.g., Korsbakken, 1996] . The power spectrum of a signal whose source is subject to random fluctuations has already been studied and has been shown to be filtered by the characteristic function of the displacement field [Brillinger, 1993] . Hence, extending this relationship to forward SAR mapping while under the simplifying assumption that the displacement field and the linear SAR modulation field (including RAR and velocity bunching modulation) are independent, the relationship between P]in(k), the power spectrum of the linear SAR transform of ocean spectrum, and Ps(k), the complete SAR In the near future the intercorrelation method between distinct looks may also be used. Indeed, when carrying the cross-spectrum of different looks, the incoherent scattering contribution will be suppressed [Engen and Johnsen, 1995]. The speckle noise contributes a large bandwidth noise floor (pedestal) in the SAR spectrum. The usual way to reduce the noise contribution is to use the multilook technique, but the azimuthal resolution is then degraded. The cross spectrum technique will lead to a much better signal-to-noise ratio by eliminating the uncorrelated noise. As a consequence, this technique is helpful when carrying out the intercorrelation between looks to estimate the falloff parameter.
As noted above, when one observes the correlation function of a multilook SAR image, there is still an apparen• contribution of the noise in the narrow peak of the speckle autocorrelation function. The intercorrelation function between different looks will not show this peak (Figure 9b ). The estimation of the cutoff parameter will then become more consistent, especially under low wind conditions. Furthermore, the acceleration term in the azimuth smearing due to short lifetime specular events should not appear in the intercorrelation method. 
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Statistical Analysis
Besides calibration and azimuth cutoff analysis of ERS-1/2 imagettes, higher-order statistical analysis, up to fourth order, was also carried out. Indeed, the understanding and determination of SAR image distributions remain problems. The results of this study will be discussed in this section as well as the interpretation of the statistical information.
EttS-1/2 SAR Imagette Distributions
The problem of determining the distribution followed by the cross-section or the amplitude of SAR images has been widely studied and several models have been 
Contribution of Non-Bragg Scattering
The extended tail of the SAR pdf has often been interpreted as the result of non-Bragg scattering. Thus, in the case of rough sea states, the cross-section is dominated by sea spike density due to non coherent specular scattering (e.g., wave-breaking events). Tilley and Sarma [1993] suggested that when the cross-section is dominated by sea spike density clipped in amplitude, the cross-section measurement can be approximated by the number of point-scattering processes occurring To conclude, following the methodology presented here, the analysis of SAR data in the spatial domain rather than exclusively in the spectral domain also offers useful information for operational purposes. An independent wind speed product, based on azimuth cutoff analysis, is proposed. This would complement the scatterometry-type analysis. Table A1 presents the results of this estimator for both incidence angle configurations of ERS-1 and for ERS-2.
